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THE LOCUS OF POSSIELE POSITIONS OF A HEAVY BOMEER

IN SPACE AFTER A 12-SECOMD TIME INTERVAL

~By Charles Y?.Mathews and Clotaire Wood

INTRODUCTION

At the request of the National Defense Researoh Council,

calculations have been made to detarmfne the loci of possible

positions of a heavy bomber in space following a 12-secoad

interval. The airplane fli&ht paths corresponding to various

limiting maneuvers were calculated to determine the position

of the airplane at the end of the 12-second time interval.

The calculations were made for a hypothetical airplane

having characteristics similar to those of a B-2~!.airplane.

Flis~t

for various

an altitude

hour and 276

100 percent

lLxceptwhere

the airplane

PROCEDURE AND ASS’W’PT19NS

paths ware determined by ste~-by-step inte~ration

extreme maneuvers entered from level flight at

of lj$OOOfeet. Fntr&oe speeds of Z23 miles per

miles per hour corresponding to 60 percent and

rated poweq respective?.y,were Investigated.

otherwise specified, the llmiting positions of

wore deter@ned for two power changes that were

made at the start of the maneuvers. Thase changes oonsisted

of applying full throttle (109 percent rated engine power)

and completely throttling the engines.
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The loci of .,ossibleairplane positions were detemined

by calculating the airplane flfght paths for the following

extreme

1,

2.

3*

u“

59

6.

7.

0.

maneuvers:

Abrapt climbing kid diving maneuvers in the vertical

plane limited by mafimum llft coefficient or

maxlmm permissible normal acceler6tlon.

Climbing and diving maneuvers in the vertical plane

at fixed fli~t path angles.

Level turns lim~ted ‘byrnaxlmumlift coefficient or

maximum permissible normal acceleration.

Level turns with recovery after various time incre-

ments.

Full-throttle ~limbing turns with a 6C)0angle of bank

limited by maximum lift coefficient or maximum

permlsslbls normal acceleration.

Full-throttle diving turns w-ltha ~O” rangleof bank

limlted by maxinmm permissible negative normal

acceleration.

Diving turns consisting of straight Gives for ~

seconds followed by turns wtth vertical bank limited

by rlaxirmmpormi.siblonormal acceleration.

Turns with vertical bank limited by maximum lift coef-

ficient or maximum permisslhle normal acceleration.
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The assumed characteristics of the airplane investi-

gated are lt”stedbelti:” (The”wing area; en~ine power, gross

wai~t, and limiting acceler&tions were taken from speoi-

ficattons of the 3-24 airplane)

1.

2.

3.

49

59

6.

7*

cl.

Ring area: 10l@ squma feet

lh?ossweight: 50,000 ~ounds

Power: four engines, normal rating 1100 horsepower

each

Yaximum lift coefficient:

power off 1.3

full t~ottle la5

?flaxir.um rolli~ veloolty:

For the maneuvers Involving roll, the rates of

roll were deterniinedon the basis of’a wing-tip

helix angle of O.0~ radian at 223 miles per hour.

For higher speeds, the rate of roll

drop off inversely with increase in

Increased stick forces.

Profile-drag coefficient: 0.G325”

was assumed to

speed because of

?laximumallowable nozmal acceleration: 3& +J

Power absorbed by eaoh wlndmilling propeller:

@ horsepower (reference 1)

The variations of normal acceleration and

rolling velocity with time used in calculating the,

rate of entry into the various maneuvers were

—. .—
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estimated from available

respons9 of airplanes to

RESUIITSAND

flight test data showing

abrupt control manipulations.

DISCUSSION

The results of the calculations are presented as plots

of the flight paths and as side views and horizontal sections

of the loci. Fi&ures 1 through ~ show the results obtained

for the 60-percent power entrance condition. Figures 6

through 10 show the results obtained for t.h”e100-percent

power entrance condition.

Figures 1 through ~ ~d 6 through ~ show

calculated flight paths for all the maiieuvers

The points shown ‘m these paths represent the

plots of the

investigated.

positions of the

airplane at l-second intervals. The locus of airplane positions

for any period of time less than 12 seconds can be determined

by fairing the points corresponding to a given time.

Figure ~ shows the side view and horizontal sections of

the calculated locus for the 60-percent entrance power con-

dition. Fibgure10 shows the side view ~~d horizontal sections

of the calculated 10CUS for the 100-percent entrance power

condition.

It may be noted that the locus of airplane positions for

either the &)-percent or lCIO-percentpower entrance condition

is bounded 3% two curved surfaces with their concave sides

facing the initial position of the airplane. The inner sur-

face is determined by engine-throttled maneuvers and the

outer surface by full-throttle maneuvers. The distance

-..—.
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between these two surfaces is relatively small and averages
,.

about 300 f“e”etfor the “60-”p&centpower entrance condition

and E!50 feet for the 100-percent power entrance condition. ““

The following maximum displacements from the init~al

position of the airplane at the end of the 12-second.,

Interval were obtained from the two assumed entrance power

condltlonac

1.

2.

3.

4.

It

Vaximum gain in altitude -

60-percent power, 970 feet

lo~-percent power, 1650 feet

?’axlmumloss in altitude -

6~-percent power, 2290 feet

120-percent ~cwer, 2250 feet

l~aximumlateral disvlacemmt -.

@-percent pcnror,26qo feet

100-percQnt.power, 2030 feet

?~-h~l displacement parallel to origindl

fli~ht -

60-percent power, 4350 feet

100-percent power, 5150 feet

line of

shauld be remembered that the loci calculated

represent the limiting positlona af the airplane that would

b~ obtained by flying the atrplane at its structural and

aerodynamic limits. The extent to which the extreme
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boundarios of the loci would be utilized would depend to some

extent on the skill of the pilots and primarily on the incen-

tiv6 involved.

Langley l%morial .!leronautlcalLaboratory,
National Advlsary Committee for Aeronautics,

Langley Field, Vs., June 8, l~h~.
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